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FOR MUCLSIC ACID S 



This application claims priority to co -pending 
United States provisional application 60/265,143, which 
was filed January 30, 2001. 



The detection and quantification of nucleic acids is 
in assaying its biological source. For example, 
ticis C virus ;HCV - N i> u 

that has been shown, to ba the etiological agent 
responsible for the vast majority of transfusion and 
community associated non-A non-B viral hepatitis cases. 
It is considered an important cause of chronic hepatitis, 
10 cirrhosis, and end stags liver disease. HCV assays that 

id reproducible are crucial for monitoring HCV 
Thus, highly specific and sensitive assays 
detect ad quantify HCV RNA can be used for this 



purpose , 



15 



One settee known in the prior are for assaying such 
, oiologica sriai ~es amplification v ocsdures 

based on a branched -BNA method, in which a signal 
previously hybridized with the template sequence is 
20 amplified. But there is no internal control for the bDNA 
assay to monitor the effects of any inhibitors. 
Moreover, the sensitivity of the assay is limited by the 
fact that detection of fewer than 200,000 copies per ml 
of sample is precluded. 



involves 
in which a viral 



i pt c 
is directly 



WO 



a plurality of compounds on the replication of the whole or 
part of the HCV genome in a biological source. 



3D D5SCRIS- s 

According to one embodiment, the present invention 
provides a method, of quantifying a first nucleic acid in a 
first biological source, comprising the steps of: 

(a) combining said first biological source containing 
said first nucleic acid with a known amount of a 
second biological source containing a second nucleic 
acid? 

(b) es± cting ^icr sa 

acid and said second nucleic acid to form a combined 
nucleic acid extract? 

(c) adding to said combined nucleic acid extract a first 
detectable probe which is specific for said first 
nucleic acid and a second detectable probe which is 
specific for said second nucleic acid; 

(d) amplifying said combined nucleic acid extract by PCR 
means with a first set of primers which is specific 
for said first nucleic acid and a second set of 
primers which is .specific fcr said second nucleic 



(e; quantifying at various PCR cycles during sa 
25 amplification a detectable signal released 
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independently from said first detectable probe and 
said second detectable probe? 

(£} extrapolating the results of step fe) to calculate 
the amount of said first nucleic acid in said first 
biological source and the amount of said second 
nucleic acid in .said second biological source; and 

(g) evaluating accuracy of said calculated amount of 
said first nucleic acid determined in step (f } by 
comparing said calculated amount of said second 
nucleic acid in step (f } with said known amount of 
said second nucleic acid used in step (a) . 

According to a another embodiment , the above 
method comprises the additional step of adjusting said 
calculated amount of said first nucleic acid determined in 
step (£) by a factor determined by comparing said 
calculated amount of said second nucleic acid In step {£} 
with said known amount of said second nucleic acid , used in 
step (a) . 

In the method of the present invention , the first 
biological source is selected from cell -associated virus , 
including virus particles, sub-particles or free nucleic 
ic id. AI J r can be a 

cell-free virus, including virus particles, sub-particles 
or free nucleic acid in a suitable media such as serum or 

In a preferred embodiment f the first biological 
source is a cell -associated virus. 
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The first nucleic acid in the methods of the 
present invention is selected from viral DBA or viral mm. 
in a preferred embodiment, the viral mh or viral HH& is 
present in a cell-associated virus . According to another 
5 preferred embodiment, the viral DNA or viral RH& is present 
in a cell -free virus. 

The second biological source in the methods of 
the present invention is selected from cell-associated 
virus, including virus particle , sub-particle or free 
10 ■ nucleic acid. Alternatively, the second biological source 
can be a cell -free virus, including serum,, plasma or. any 
other media containing virus particle, sub-particle or free 
nucleic 



The second biological source is selected such 
15 that it is closely related to the first biological source. 
For the purposes of the present invention, the phrase 
"closely related" means similar biological characteristics 
of the first and second biological sources, such ash e.g., 
similar nucleic acids. 

20 The presence of a related second biological 

source in the same well as the first biological source is 
key to the present invention. The second biological source 
serves as an internal control for the quantification of the 
first nucleic aoid. This internal control feature allows 

25 for the monitoring and correction of random fluctuations 
and assay variability. These fluctuations ai 
can result from specimen handling and storage, the 
of PGR inhibitors in body fluid samples, variability among 
lots of biochemical reagents , different methodologies, and 
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random variations both in preparations and testers . 
Because the second biological source is closely related to 
the first biological source, its use as an internal control 
diminishes or even eliminates false-negative results and 
5 provides a more accurate picture of the level of the first 




The amplification 
present invention is typically . 
One of skill in the art will foe well 
10 attendant strategies useful in the me 

invention. See, e.g. , «PCR Strategies", Ed, Michael A. 
Innis, David H. Gelfand and- John J. Sninsky, 1995, Academic 
Press , 

in a preferred embodiment, the methods of the 
15 present invention use PGR or RT-PCR to amplify the combined 
nucleic acid extract. According to a more preferred 
embodiment, the methods of the present invention use RT-PCR 
to amplify the combined nucleic acid extract. 

In the amplification step of the methods of the 
20 present invention, two sets of primers are used., a first 
set of primers specific for the first nucleic acid, and a 
second set of primers specific for the second nucleic acid. 



^ i^Mrt or 

techniques. Preferred extraction 
based single -well spin or vacuum coin 
well extraction plate method or solution 
methods. One of skill in the art would be well aware of 
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iommercia L stac uch as Q 

DNeasy Spin method columns, QIAamp, RNeasy, or DNeasy 56 
well plates. Boom method (Chsotropie agent/glassbeads) , 
Triazol, etc. 

in step £fo) of the method of the present 
invention, the nucleic acids of the first biological source 
and the nucleic acids of the second biological source are 
simultaneously extracted to produce a combined nucleic acid 
The simultaneous extraction of nucleic acids is 
the extraction efficiency affects the 
first and the second nucleic acid similarly. Thus, any 
random variation in the extraction process can be accounted 
for by the effect of the variation on the extraction of the 
second nucleic acid. Moreover, when the second biological 
15 source is closely related to the first biological source, 
the effect of such random variations on the first and 
second nucleic acid are likely to be very similar, hs a 
result, the integrity of the second biological source as an 
internal control is enhanced. 

20 In the methods of the present invention, two 

detectable probes are utilised to detect and quantify the 
first, nucleic acid and the second nucleic acid. The two . 
detectable probes are selected such that each is specific 
to one of the two nucleic acids. Thus, the first 

25 detectable probe is specific to the first nucleic acid, and 
not to the second nucleic acid. Similarly, the second 
detectable probe is specific to the second nucleic acid, 
and not to the first nucleic acid. Another criterion in 
the selection of the two detectable probes is that each 
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should not interfere in the detection and quantification of 
the other. One of skill in the art would be well aware of 
detectable probes suitable for the present invention. 



roperty detected and quantified depends on 
the detectable probe selected. Htcaatd.es of 



such properties include fluorescence,, phosphorescence , 
color, etc. 



invent ion, 
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are used, each specific for one but not the other of the 
first nucleic acid and the second nucleic acid. In a more 
preferred embodiment, each fluorogenie probe typically has 
a reporter dye at the 5' -end and a quencher dye at the 3' 
end. The two different f luorogenic probes are selected 
such that they give distinct fluorescence peaks that may be 
detected without, cross-interference between the two peaks, 
For example,, the 5' end of the first detectable probe can 

("S-PSM'h) , and the 5' end of the second detectable probe 
can be labeled with a reporter dye such as VIC * The V end 
of both detectable probes can be labeled with a quencher 
dye such as 6-carboxyic 

when hound to the first nucleic acid and the second nucleic 
acid , the proximity of the reporter dye at the 5' end to 

suppression of the fluorescence. During amplification, when 
the Tth polymerase sieves along the nucleic acid sequence , 
the - c rOiT. t pro >y- the action of the 

S f -3' exo, thereby degrading the fluoregenic probe. This 



WO 62/0611 4S 



res-alts in a fluorescence emission, which is recorded as a 
function of the amplification cycle. Thus, monitoring the 
fluorescence emission provides a basis for measuring real 
time amplification . 



According to another embodiment, the present 
invention provides for quantifying a first nucleic acid 
in HCVt comprising the steps of; 



(a) combining said HCV with a known amount of Bovine 
Viral Diarrhea Virus ("BVDV*), wherein said BVDV 



tb) extracting from said combination said first nucleic 



nucleic acid 

Cc) adding to said confined nucleic acid extract a first 
detectable probe which is specific for said first , 
nucleic acid and a second detectable probe which is 
:>r said second ; 



(d) amplifying said combined nucleic acid extract by PCR 

{a} quantifying at various cycles during said 
amplification a detectable signal released 
independently from said first detectable probe and 
said second detectable probe; 



■ (f) 

25 



extrapolating the results of step (e) to calculate 
the amount of said first nucleic acid in said HCY 
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and the amount of said second nucleic acid in BVDV; 
and 

(h) evaluating accuracy of said calculated avaoioit of 
said first nucleic acid determined in step (f) by 
comparing said calculated amount of said second 
nucleic acid in step {£} with said known amount of 
said second nucleic acid used in step (a) . 

According to another embodiment., the above method 
comprises the additional step of adjusting said calculated 
amount of said first nucleic acid determined in step {£} by 
a factor determined by comparing said calculated amount of 
said second nucleic acid in step (f) with said known amount 
of said second nucleic acid used in step (a) < 

According to another embodiment , the present 
invention provides a method of determining the effect of a 
compound on the replication of a first nucleic acid bf a 
first biological source,- comprising the steps of? 

(a) combining said compound with a medium containing 
a known amount of said first biological source to 
produce a first combination, wherein said medium 
is suitable for replication of said first nucleic 
acid; 

(b) after a time period combining said first 
combination with a second biological source 
containing a second nucleic acid to produce a 
second combination; 
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(c) extracting from said second combination said 

first nucleic acid and said second nucleic acid 



id) adding to said combined nucleic acid extract a 

first detectable probe which is specific for said 
first nucleic acid and a second detectable probe 
which is specific for said second nucleic acid; 

(e) amplifying said combined nucleic acid extract by 
PCR means; 

{£) quantifying at various PCR cycles during said 
amplification a detectable signal released 
independently from said first detectable probe 
and said second detectable probe? 

(g) extrapolating the results of step (f) to 

the amount of said first nucieic, acid 
second nucleic acid in said 



?e effect of said compound on the 
replication of said first nucleic acid by 
comparing said amount of said first nucleic acid 
determined in step (g) or (h) in the presence of 
said amount of said compound versus that in the 
absence of said compound 
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locordi;- ; sent a resent 

invention provides a method o£ simultaneously screening a 
plurality of compounds for their effect on the replication 
of a whole or part of a genome of a first biological 
srng the steps of; 



(a; piscine in one or a plurality of wells said whole 
or part of a genome of said first biological and 
a medium suitable for replication of said genome; 

ach said well one or more of said 



(c) adding to each said tfeli a , a 

second biological source as an internal control ; 



said well a first nucleic acid and a second 



(d) 



(e) amplifying and quantifying during the 

amplification process said first nucleic acid and 
said second nucleic acid in each well; 

(£5 determining the effect of each of said compounds 
on the replication of said whole or part of a 
genome of a first biological source using the 
results from step (e) . 

The compound selected is such that it has no 
effect on the concentration of the second nucleic acid. 
Alternatively, the second virus is selected such that the 



so inxm 



concentration of its nucleic acid is not affected by the 
compound selected. 

Preferably, the compounds selected for the above 
method are potential inhibitors of the replication of the 
5 whole or part of the genome of the first biological source. 

The terra 'medium' , as used in the present 
invention, refers to the culture present in each well 
suitable for the replication of the whole or part of the 
genome of the first virus. 

10 The term •' whole or part of a genome' refers to 

Dffi or E^A- sequences or parts thereof sought to be 
replicated. 

The steps of extracting, amplifying and 
quantifying the first nucleic acid and the second nucleic 
15 acid are as described above. l 

In step (f) of the above method, the quantified 
amount of the nucleic acid of the first biological source 

added to the first virus in step (a) , has affected the 
20 replication of the whole or part of the genome of the first 
virus. For example, if a compound has an inhibitory effect 
on the replication of the first biological source, such 
inhibition will lead to a lower value for the quantified 
amount of the first nucleic acid in step (a) , 



method is used to simultaneously screen the effect of a 
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plurality of compounds on the replication of a whole or 
p~rr or ~ g ~: v.- _ c 

according t a sore referred 
above method is used to simultaneously screen the effect of 
3 a plurality of compounds on the replication of a whole or 
part of a. genome of HCV, wherein BVDV is used as the 
internal control . 

In order that this invention bs more fully 
understood, the following examples are set forth. These 
10 examples are for the purpose of illustration only and are 
not to be construed as limiting the scope of the invention 
in any way. 



15 The method of the 

exemplified using HCV as the 




event ion is 
virus and BVDV as the 



Primers and Probe 
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does not form internal structures with high melting 

:s 02 :ozm % duplex i h tself ^~ t " an "^ 01 
the primers . The entire FCR region was about 150 base 
pairs in length . 

5 The primers end probe for the 5' UTR of BVDV were 

designed based on the same set of criteria. In. addition, 
care was taken to ensure that the primers or probe of HCV 
has the least amount of homology to those of BVDV, The 

10 ^ GTCC G~3 forward ox Lmex 

kTTC-3 resrea se primer 
5'-6-EftM CCTGGAGGCTGCACGACACTCA-GGG^RA-Gi' . The primers and 
probe for BVDV comprised the forward primer, 5'~ 
CaGGGTAGTCGTCAGTGGTTCG-Gy , the reverse primer, 5 '' ~ 

15 GGCCTCTGCAGCACCCTATC - 3 ', and the probe, 5' -VIC 

CCCTCGTCCACGTGGCATCTCGA-TAMRA~3 ; . All primers and probes 
were obtained from Oligo, Etc, except for the BVDV probe 
0?B Applied Biosys terns) - 

Preparation of viral and standard SHA 

20 ' A 215 base pair cDK& fragment of the highly conserved 

5' UTR of HCV genotype was selected, as the template for 
generation of HCV {+) strand SJSh standard. 

HDBK cells were infected with BVDV K&DL strain, the ■ 
progeny BVDV was harvested from the mixture of ceil lysats 
2d and e> ell I z - ~~ - x 

extracted using the Qltop spin column methodology (QXAGEH) 
as outlined by the manufacturer. 
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HCV positive sera were obtained from a commercial 
vendor (ProMedx) and the HCV concentration was determined 
using the. Chiron bcm assay. HCv negative human sera were 
obtained from Sigma (catalog #S-7023) . 140 ill of human b& 
5 was spiked with a fixed amount of BvBV and extracted using 
QIAamp spin columns. 20 pi of BKA extracts were taken for 
each PCR reaction. 



10 T&epsan Real Time RT-PCR assay 

The RT and the PCR reactions were carried in the same 
wells of a 96 well plate optical tray with caps (PS Applied 
Biosy stems. Fester City, CA) . For the sinylaplex Taqman 
assay with only one viral RBA, 10 or 20 |xl of viral RM&. or 

15 mk standard was amplied in a 50 pi RT-PCR' reaction with 
IXTaqroan EE buffer (i?E Applied Biosys terns) , 3raM Manganese 
acetate, 300 yM each of <5ATP, dCTP, dGTP , and cUTP, 200 m 
6~?AM-labeled KCV probe or VIC- labeled BVDV probe, 200 nM 
HCV or BVDV primers, 6 units Tth polymerase (Epicentre} , 

20 and 4.0% enhancer (Epicenter) . The Taqman RT-PCR assay was 
run for 25 mits at 60*C (RT) , 5 tain at S5*C, and followed by 
45 cycles of two-step PCR reaction (60*C for 1 min and S5°C 
for 15 sec) .. For the multiplex Taqman assay, the amount of 
HCV and BVDV primers was optimized using a matrix mixture 

25 of various concentration of both sets of primers . The 

final assay condition includes 2QQ nM of both 6 - RAM -labeled 
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KCV probe and VIC- labeled BVDV probe, 4 00 nM of both HCV 
primers, and 45 nM of both BVDV primers. 

Tab Is 1 compares a sirxgleplex assay with a typical 
multiplex assay run -using cur system. In this case, 50, 
100, 1000, 10% and 10 s copies of HCV RN& standard were 
analyzed with (multiplex) or without {singleplex} BVDV 
internal control RHA . The standard curve for HCV was 
established with a set of HCV F15A standard without BVDV 
internal control RHA. A correlation coefficient of more 
than Q.3B was observed in the range of 50 to 10 7 copies of 
HCV RHA in the standard curve . As shown in table 1, there 
is little difference of the HCV Ct values or Rim copy 
numbers between the multiplex and singleplex assays, The . 
• Ct values of BVDV RHA- internal control range from 20.32 to 
•21.23, with an average of 20.77. These data indicate that 
there is no interference frota BVDV internal control RHA on 
the quantification of HCV RHA level. in our multiples? assay. 
Both types of nucleic acid were measured accurately at the 
same time and in one RT--PCE tube. Up to 10 7 copies of HCV 

was measured accurately in this multiplex assay. These 
results indicate that the dynamic range of this multiplex 
assay is from 50 to 10 7 copies of HCV RMA . This assay can 
be modified to measure more than 10 7 copies of HCV RHA if 
the amount, of BVDV internal control RHA is increased. 

Table 2 displays the reproducibility of this multiplex 
using the in vitro transcribed RHA. 50, 100, 1000, 1.0* f and' 
10 s copies of HCV RHA was tested with BVDV internal control 
RHA in quadruplicate. The same assay was run twice over 
two days. Similar Ct values or the copy number of HCV RHA 



WO 02/86.1 149 



were observed for both days. The %CV of the intra- and 
inter-assay was at similarly low level for either Ct val 
or the copy number of HCV RNA. These results clearly 
demonstrate that this multiplex assay can be used to 
5 measure HCV F1TA level with excellent accuracy and 
reproducibility , and with a great dynamic 



In addition, several HCV positive patient sera samples 



multiplex assay. The HCV viral load in these sera hs 
measured by the vender using the bDNA assay. The HCV serum 
samples were extracted along with a fixed amount of BVDV 
using the QIAamp spin column technique. 

Table 3 shows the results of the multiplex assay for a 
representative serum sample (#864) from HCV genotype la. 
As may be seen from Table 3 there is an excellent 
correlation among the 10 -fold serial dilution of the same 
serum sample, up to 1:10, GOO dilution. . The dynamic range 
in this is almost 5 log, from 31 to 1.14 x 10 s (undiluted) 
copies of HCV The HCV RHA level determined using our 

multiplex assay was from 2.66 s 10 6 to 7.33 x loh which is 



In addition, two more HCV patient serum, one of 
id the other type lb, were extracted with EVDV in 

nd tested in our multiplex assay system. As can . 
erved in Table 4, two different dilutions of either 
resulted in the. similar final titer of HCV ERA for 
me serum. These results indicate that the multiplex 
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assay can be used to quantify both HCV types la and lb 



2 

A stable Huh? cell line in. which HCV RNA replication 
5 was established using a selectable marker. This cell line 
was used to test HCV inhibitors using our multiplex assay 
system. A DM80 stock of one of the HCV inhibitors was 
serially diluted -into tissue culture media and incubated 
with a fixed number of the HCV replioon Huh? ceils in 36- 
10 well culture plate. The total, cellular RNA in each culture 
well was extracted with RHeasy-36 extraction plate, along 
with a known amount of BVDV virus as internal control. The 
combined RNA extract (in 96-well format) was subject 'to the 
multiplex assay (for both KCV and BVDV'} . 

15 Table 5 shows the results of such a typical 

experiment. For each sample, both HCV and BVDV Ct values 
were simultaneously determined, and the HCV RNA leyei was 
calculated using the HCV RHA standard curve shown in column 
12. Wells H4 and H3 were shadow- colored, indicating failure 

20 or poor efficiency during extraction and/or RT-PCR since 
the BVDV signal in these two wells is significantly lower 
than that in other wells. 

Table 5 shows the percentage of inhibition at various 
concentration of this HCV inhibitor on the HCV RKA level of 
25 the Huh? stable cell line. An IC50 of 0.226 xM was 
calculated for this HCV inhibitor in this experiment. 
Several repeated experiments with the same HCV inhibitor 
resulted in IC50 values of C-.239, 0.345,. 0.150, and 0.419 
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uM . These results demonstrate that the whole assay system, 
including the HCV rapid, eon Huh? stable cell line, 36 -well 
culture with the potential HCV inhibitors, 96 -well 
extraction of nucleic acid, and 96 -well multiplex 
5 detection with an internal control, 
consistent, and reproducible results. 
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I. A method of quantifying a first nucleic acid 
in a first biological source, comprising the steps of: 



said first biological source 
said first nucleic acid with a known amount of a 
second biological source containing s 
acid; 

(b) extracting from said combination said first nucleic 
acid and said second nucleic acid to form a combined 



2) adding to said combined nucleic acid extract a first 
detectable probe which is specific for said first 
nucleic acid and a second detectable probe which is 
for said secor 



id) PCR 
means with a first set of primers which is specific ■ 
for said first nucleic acid and a second set of 
primers which is specific for said second nucleic 



(e) quantifying at various ?CR cycles during said 
amplification a detectable signal released • 
independently from said first detectable probe and 
said second detectable probe; 

If) extrapolating the results of .step («} to calculate 
the amount of said first nucleic acid in said first 



n 
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biological source and the amount of said second 
nucleic acid in said second biological, source; and 

svaluatinc acou c said oalca ited amount of 

said first nucleic acid determined in step (f) by 
5 comparing said calculated amount of said second 

nucleic acid in step (f) with said known amount of 
said second nucleic acid used in step {a) , 

2 . The method according to claim 1 further 
comprising the step of adjusting said calculated amount of 
10 said first nucleic acid determined in step {£) of claim 1 
by ed by comparij g 

of said second nucleic acid in step (f ) of claim I with 
said known amount of said second nucleic acid used in step 
(a) of claim 1. 




associated virus, including virus particles, subpaxy icles- ; 
or free nucleic acid, and ceil -free virus, including serum, 
plasma, or other media containing virus particles, 
20 subpart icles, or free nucleic acid, 

4, The method according to claim X, wherein said 
• ^"St nucleic acid is selected from viral DMA or mh from 
cell -associated or cell-free virus. 
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said 
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virus, including virus particles, subpart icles , or free 
nucleic acid, and cell -free virus, including serum, plasma, 
or other media containing virus particles, subparticles, or 
free nucleic acid. 

6, The method according to claim 1, vhsrein said 
amplification is conducted by PCR or R7-PCR, 

7, The method according to claim 1, wherein said 
amplification is conducted using two sets of primers, 
wherein a first set of said primers is specific for said 
first nucleic acid and a second set of said primers is 
specific for said second nucleic acid. 

8, The method according to claim l f for 
quantifying nucleic acid in KCV, comprising the steps of: 

(a) combining said HCV containing said first nucleic 

acid with a known amount of BVDV containing a second 
nucleic acid; 

(h) extracting from said combination said first nucleic 
acid and. said second nucleic acid to form a combined 
nucleic acid extract? 

(c) adding to said combined nucleic acid extract with a 
first detectable probe which is specific tor said 
first nucleic acid and a second detectable probe 
vhich is specific for said second nucleic acid? 
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id) amplifying said combined nucleic acid extract by PCR 
or ET-PCR means ; 

Ce) quantifying at various PCR cycles during said 
amplification a detectable signal released 
independently from said first detectable probe and 
said second detectable probe; 

(f) extrapolating the results of step Ce) to calculate 
the amount of said first nucleic acid in said HCV 
and the amount of said second nucleic acid in BVDV; 



(g) evaluating accuracy of said, calculated amount of 
said first nucleic acid determined in step (f) by 
comparing said calculated amount of said second 
nucleic acid in step (f) with said known amount of 
IS said second nucleic acid used in step (a) . • 

j 

2. The method according to claim 8- further 
comprising the step of adjusting said calculated amount of 
said first nucleic acid determined in step (f) of claim X 
by a factor determined by comparing said calculated amount 
20 of said second nucleic acid in step (£} of claim I with 

said known amount of said second nucleic acid used in step 
(a) of claim 1. 

10. A method of determining the effect of a 
compound on the replication of a first nucleic acid of a 
25 first biological source, comprising the steps of; 



(a) combining said compound with a known amount of 
cell culture system to produce a first combination, wherein 



said first nucleic acid of said first biological source is 
capable of replication; 

(b) after a time period combining said first 
combination with a second biological source containing a 
5 second nucleic acid to produce a second combination; 

extract inc is c >ination said 

first nucleic acid and said second nucleic acid to form a 
combined nucleic acid extract? 

(d) adding to said combined nucleic acid extract -with 
10 a first detectable probe which is specific for said first 

nucleic acid and a second detectable probe which, is 
specific 'for said second nucleic acid; ' 

(e) amplifying said combined nucleic acid extract by 
PCE or RT-PCR means; 

IS (£} quantifying at various PCR cycles during said 

amplification a detectable signal independently released 
from said first detectable probe and said second detectable 
probe; 

(g) extrapolating the results of step if) to 

20 calculate the amount of said first nucleic acid and said 
second nucleic acid in said second combination; 

(h) evaluating accuracy of said calculated amount of 
said first' nucleic acid determined in step {£} by comparing 
said calculated amount of said second, nucleic acid in step 

25 (f ) with said known amount of said second nucleic acid used 
in step (a) ; 
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(i) determining the effect of said compound on the 
replication of said first nucleic acid by comparing said 
amount of said first nucleic acid as determined in step (g) 
vdth the amount of said first nucleic nucleic acid 
determined separately in the absence, of said compound. 

11. The method according to claim 10, -wherein 
said first biological source is selected from cell- 
associated hepatitis C virus, including virus particles, 
subpart icies,. or free nucleic acid., and cell-free hepatitis 
C virus., including serum, plasma, or other media containing 
virus particles 




13, The method according to claim 10, wherein 
said second biological source is selected from cell- ? 
associated virus, including virus particles, sabparti.cles , 
or free nucleic acid, and another cell -free virus, 
including serum, plasma, or other media containing virus 
particles, subpart icies, or free nucleic acid. 



14. The mechod according to claim 10-,.. wherein 
said extraction means is selected from any suitable J» o 
Rahl extraction technique, including matrix-based single- 
well spin or vacuum column, or multiple-well extraction 
plate, or solution-based extraction methods 

15. The method according to claim 10, . wherein 
said first virus is HCV and said second virus is BvDV. 
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IS. A method of simultaneously screening a 
plurality of compounds for their effect on the replication 
of a whole or part of a genome of a first biological 
source, comprising the steps of: 

5 (a) placing in one or a plurality of wells said whole 

or part of a genome of said first biological and a medians; 
suitable for replication of said genome; 

(h) adding to each said well one or more of said 
compounds; 

10 (c) adding to each said well a known amount of a 

second biological source as an internal control; 

(a) using extraction means to extract together from 
each said well a first nucleic acid and a second nucleic 
acid to produce a combined nucleic acid extract from each 

15 well; , , 

(e) amplifying and quantifying during the 
amplification process said first nucleic acid' and said • 
second nucleic acid in each well; 

(f) determining the effect of each of said compounds 
20 on the replication of said whole or part of a genome of ■ a 

first biological source using the results from step (e) . 



